A 10 mm Bragg grating with a 0.18 nm (peak-to-peak) spectral response was designed to shape a train of 7 ps Gaussian pulses into antisymmetric Hermite-Gauss pulses. The pulses were characterised in the frequency and time domain. The presence of the phase shift was verified by propagation in standard fibre.
Recent research in dispersion-managed systems for optical communications poses new challenges to the generation of soliton pulses. By deriving an approximate ordinary differential equation for the shape of the fundamental dispersion managed soliton, the existence of higherorder dispersion managed solitons was predicted [1] . The first antisymmetric solution was theoretically demonstrated to be robust enough to propagate without distortions over thousands of kilometres. This second 'mode' can be well approximated by the odd Hermite-Gauss (HG) function. Generating such odd-symmetry pulses, requiring a local change in phase, is a rather challenging task. This problem has some similarities to the generation of dark solitons that also require a phase shift between the spectral components. Several techniques have been developed for generating dark solitons, first using bulk gratings and phase masks [2] and later by introducing amplitude and phase filtering of the longitudinal modes in a Ti:sapphire laser cavity [3] . More recently, a uniform fibre Bragg grating filter was used at the output of a modelocked laser, to transform the train of bright pulses into a train of odd-symmetry dark pulses [4] . However, in this case, it was only by coincidence that the uniform grating introduced the required amount of phase shift between the modes. In this Letter, we present a new and simple method of generating a train of antisymmetric pulses by reflecting a short pulse from a phase-shifted fibre Bragg grating. The impulse response of the grating, or equivalently its transfer function, will determine the reflected pulse shape. This principle has also been used to generate a train of rectangular pulses by reshaping short optical pulses [5] .
The appropriate distribution of the index change along the grating was first calculated using an inverse scattering technique based on the solution to the Gel'Fand-Levitan-Marchenko coupled equations for various grating reflectivities [6] . For low reflectivity gratings, the Born approximation is valid, i.e. the reflectivity spectrum is proportional to the Fourier transform of the index modulation profile along the grating length. In this case, since the impulse response in the time domain is the inverse Fourier transform of the reflectivity spectrum of the grating, the pulse shape is directly related to the refractive index profile along the grating length. Therefore, under the Born approximation, a HG apodisation profile will have a HG impulse response. The inverse scattering technique also gave a HG apodisation profile for R < 20% while, for higher reflectivities, the grating apodisation profile becomes more complex involving several lobes of positive and negative index change. In most writing regimes, the index change produced by ultraviolet (UV) exposure is strictly positive but an effective negative apodisation profile can be obtained by introducing a phase shift of p in the grating.
The fibre Bragg gratings were fabricated using a phase-mask scanning technique with dithering to realise the apodisation profile [7] . To introduce the phase shift of p, the position of the phase-mask, with respect to the fibre, is changed by adding an offset of L g =2 to the PZT performing the apodisation. A 10 mm Bragg grating with nearly HG apodisation was photo-written into photosensitive fibre using a CW frequency doubled Argon ion laser source (100 mW) focused through a cylindrical lens (f ¼ 50 mm) and scanned at 0.01 mm=s. The grating was characterised with a resolution of 5 pm. To effectively obtain the impulse response of the grating, the filter bandwidth should ideally be much smaller than the spectral width of the source but, at the same time, the grating should not be too narrow in order to have sufficient spectral efficiency. The measured spectrum, presented in Fig. 1 , is in agreement with the target reflectivity spectrum, namely a peak-to-peak bandwidth Dl ¼ 0.18 nm and a reflectivity R ¼ 0.65 corresponding to a maximum index change Dn ¼ 1.5 Â 10
À4
. Even though we cannot measure directly the phase of the reflectivity, numerical simulations show that a similar apodisation profile without a proper phase shift of p would not result in two lobes of equal reflectivity. Propagation of the odd-symmetry HG pulses can also be used to experimentally verify the accuracy of a phase shift of p within the pulse. During its propagation, chromatic dispersion broadens the pulses but, due to the phase shift of p between the two lobes of the HG pulse, the gap between the lobes remains unaltered. If the pulse did not have a phase shift of p, as the lobes enlarge, the field would add up in phase and fill in the gap.
Fig. 1 Reflectivity spectra
To generate and propagate the HG pulses, the 7 ps Gaussian pulses from a modelocked tunable laser, at a repetition rate of 20 MHz, were incident on the grating through an optical circulator. The reflected pulses were sent into 5.53 km of SMF-28 fibre. The pulses were characterised in terms of their spectral and temporal shape at three different positions: the input pulse (coming from the modelocked laser), the HG shaped pulse after reflection and the HG pulse after propagation. Peak powers and spectra of the three pulses were closely monitored to ensure that propagation occurred in the linear dispersive regime. The three spectra, measured with an optical spectrum analyser with a resolution of 0.06 nm, are shown in Fig. 2 . The autocorrelations of the HG pulses, shown in Fig. 3 , clearly display the expected threepeak structure. The auto-correlation curves are slightly truncated due to the finite scanning length of the auto-correlator. The peak-to-peak temporal width of the HG pulses is found to be 25 ps for the shaped antisymmetric pulse. After propagation, the antisymmetric HG pulse is enlarged due to dispersion (30 ps peak-to-peak in agreement with calculations) but the fact that it maintains its shape confirms the presence of a p phase shift between the two lobes. In conclusion, we have developed a simple and flexible new method to generate antisymmetric pulses by shaping a train of short Gaussian pulses with a phase-shifted fibre Bragg grating with an appropriate apodisation profile and phase. This method is based on all-fibre components, eliminating any optical alignments. The flexibility of this method relies on the fact that the amplitude and phase of the reflected frequency components can be precisely controlled during the writing process of fibre Bragg gratings. The HG pulses will be further used as antisymmetric DM solitons to study their behaviour and stability in a DM communication system. 
